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(54) Method for etching Pt film of semiconductor device 



(57) A method for hip roving the etchhg elope h 
etching a PI layer used as a storage node of a semicon- 
ductor device Is provided. By the method, an adhesive 
layer (110) Includhg Tl on the Pi teyer (109) is ehinged 
to TO*, by using f*\ oienlng c*s conwhlng oxyocn. to 



act as an additional etching mask. The Pt layer (108) is 
overefched by ushg the tact that the Tte layer Is lorrned 
to avoid overall erosion of the acteskre layer mask at a 
predetermhed temperature. I.e., 120- 300* C, to there- 
by Improvo tho etching slope ol tho Pi toyor. 
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Deiorlptlon 

The present Invention rotates to a fabrication meth- 
od of a ecmiconductor momory device, and more par- 
facufarry, loarnelhod tor elchhg a Pi iim which it used « 
as a stomp nods of a capacitor of a aanicooductor 
morrxxy rJevfco. 

In ponofHl. as tw dogroo of hie portion of (ho ecm- 
feondUoior momory device becomes hififror, a semicon- 
ductor memory device such at a dynamic random ac- to 
cess memory (ORAM) raqulras a capacitor d high ca- 
pacitance end at me tame ume occupying 8 vnaii area. 
Accordingly. « trench typo or cylinder type capactor hm 
been developed. However, the trench type or cylinder 
type capactor is fabricated by a complicated process, ** 
and It is difficult to term correctly. Thus, there Is a limit 
to reaJizhg hlp^ capacttanee and hl£h integration, which 
are required tor the Integrated semiconductor memory 
device. 

With a view to eorvhg this problem, there has been *> 
provided a method for forming a capacitor, using barium ' 
strontium tttanaie (BST) as a cf electric of the capacitor. 
BST has a dielectric constant higher than that of a con- 
vontbnat doloctrfc. in me ease that the anchor b 
formed using a material of hlpji dielectric constant such & 
as BST, a Pt layer is usually used as plate and storage 
nodes of the capacitor. This b because the Pt Is stable 
material which does not eartdire at the surface of a die- 
lectric during hlprvtompomiuro heat troatmom lorfomv 
rig of a BST diolectric film. Moreover. Pt has excellent oo 
conduct tvtty and less leakage current generated from 
the dielectric electrode of the capacitor than other ccrv 
ducthro films such as Ir, Ru, or por/sllicon. However. Pi 
is very difficult to patlom ushg dry etching. This is be- 
cause Pi is an unrcaclKrc motaland thus it docs not re- » 
act with other chemicals easily. Halogen is usually used 
tor the reactke Ion etching (WE) for etching the Pt teyer, 
but halopen resets woatiy with Pi Ions, so me Pt layor 
is otchod not by chemical fcactioa but by physical re- 
action ol sputtering. Aecordng^, «n the case tfvU the Pt *e 
tayer is etched by ion sputtering, etching residues are 
generated, which reduce the etchhg slope or the Pt lay- 
or. Therefore, Pt electrode* do net have fine partem. Al- 
so, h order to rmprovo the bw etch rale durhg roeclivo 
ion etching, an elchhg gas conlahing chlorine or Hue- 
hne is used. 

A conventional method lor etchhg the Pt layer, us- 
ing chtorhe gas as an etching gas. b disclosed h U.S. 
Patent No. 6:515.964 •Method for etching Pt layer*, tesuo 
dale May, U, 1»6. Here, chkxhe and oxygen is used 
as an etching gas. and thus etchhg residues PtCI and 
PO are formed on the akfcwaits of an etohing resist film 
so that the Pt layer is etched by ushg the etchhg resist 
film and the etching residues as an etching mask. After 
that the etchhg residues are removed by wet etching 

However, me etching residues require appropriate 
removal, and also the etchhg slope of the Pi ley er Is sfiu 
to be improved 



With a view to sorve or reduce me above problems, 
It Is an aim of preferred embodiments of me present in- 
vention to provide a method tor etching a Pt layer of a 
sorri conductor device, in which a semiconductor sub- 
strate where a Pt layer is formed is heated lo a prede- 
awmhed temperature tooveretch the Pt layer, using an 
adhosrvc layer containing ftantum as an caching mask 
on mo Pt btyc* *> thereby improve an etching slope of 
mo sidowttli of the Pt tryor. 

Aecordng loan aspect of me invenlion, there is pro- 
vided a method tor etching a Pt layer of a samkxnductor 
device whereh, a barrier layer, a Pt layer, an achesfcre 
*ry or conlahing Ti and a mask layer are soquonliairy 
formed on the se rnicon duclor subetntle where a bottom 
layer ie formed. Then, me mask layer a patterned to 
term a mask pattern, end the adhesive layer te patterned 
using me mask pattern. At mis time, me pettemhg Is 
preierabry performed by dry etchhg, ushg AnCI as an 
e ten hg gas . The resu Hani structure is preferably heated 
to 120 ~ 300* C without excrung a pbarna Subsequent- 
ly, the Pt layer may be etched, ushg a patterned mask 
layer and a patterned adhesive layer formed on me sem- 
iconductor substrate, and the mas* partem on the Pt ferv- 
or removed by overotehhg 

Aecordng to a further aspect, mere Is' provided a 
method for etching a Pt layer of a semiconductor device, 
comprising steps cf: terming me Pt layer on the semi- 
conductor substrate where a bemom layer Is formed; 
forming an adheclvo layer on me Pt layer, forming a 
mask layer on tho adhesive layer; patterning the mask 
layer to form a mask pattern; patterning me axmesKre 
layer using the ma sir pattern; hearthgmeeennieenctctor 
substrate In a plasma etchhg apparatus; etchhg the Pt 
layer using the mask pattern and tho pallemod aches rvc 
layer, and removing the mask pattern. 

A barrier layer is preferably formed on me bottom 
layer belore the step of tormhg me Pt layer. 

Preferably, me mask layor is ecrnposod of one or 
more layers including an oxide byor. Also, it is prof ora- 
bte thai the adhesive layer contains Ti and the barrier 
layer is formed of TW or a material containing m The 
bottom layer Includes preferably e first Insulating layer 
havhg contact holes termed on me eembonduetor sub- 
strelo. Hero, each contact hole ie preferably buried with 
a poyeilicon plug. The Pt layer is prelerably etched by 
an etching gas containing Cfe. The etching gas may be 
CyCfe. CyHBr, OnfB( z <x cyBr. The etching gas Is pref- 
erably at least 50% oxygen . 

Preferably, tho Pi byor is pallomod by magnoticairy 
enhanced reactive ion etching (MERIE) method, using 
CyDt as an etching gas, where the oxygen b 60% or 
more of me total Cycij mbeture. 

Preferably, the Mask pattern b removed by over- 
eiehhg past me end of etching me Pt toyer. 

Abo, meoveretchingfor removing the mask pattern 
to preferably performed by extending me etching time 
by 0.5 • 1 .5 limes as much as me etchhg time required 
to etch up to etching end poht of Pt layer, and me aoV 
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hesrve layer and the barrier layer are patterned ushg 
Ar/Ct 2 as the etching gas. 

According to embodiment* of the present Invent bo , 
tho ecmiconduclor substrate whore Iho Pi layer e 
formed * healed to a predelerrnnod temperature lo 
ove retch the Pt layer, usOTgenadheervs layer contain hg 
titanium as an etching mask on tho Pi layer, to thereby 
improve Iho oiching stopo of ihc aadowul of (ho Pi fayor. 

For a bailor undorslandhp of tho invention, end lo 
ahow how ambodmanla of lha same may be carried kilo 
effect, reference will now be made, by way of example, 
to the accompanying dapammatfc drawings, In which: 

Figure* 1 through 5 arc sectional views Mustmlng 
h method for etching a Pi layer of a aemiconductor de- 
vice accordhg to a prefen ed embodiment of the preeent 
Invention. 

A mask layer hdteated In the present Invention does 
not neoeftaartry meAnone layer. For example, the rrvc&k 
layer formed of an oxide layer may be formed of a plu- 
ral ry of layers, Including an oxide layer. 

Referring to Figure 1 , a bottom layer ts formed on a 
semiconductor substrate 100 where a lower structure 
such as a tr*nslsior<not shown) Is formed. The bottom 
teyor is a layer obtained by stacking a first Insulathp, lay- 
er, for example, an bitertayer dielectric 102, on the eerrv 
saanductor substrate 100, and further performing pat- 
terning to form a contact hole, and then burytag the con- 
tact hole wtth a poystlicon plug 104. Subsequently, the 
semiconductor substrate fc plana n>od by performing a 
ptanariaaion process such as olehback or chomicaJ mo- 
chanicaJ polishing the resultant structure of the bottom 
fcryer. A barrier layer 106,1or preventhg deterioration of 
capacitor porlormaneo duo to htcrdffluston of the pdy- 
siiieon plug 104 and Ihe Pi layer 108, it formed on Ihc 
entire surfaco of the resultant structure where Ihc 
planar i^alion has been performed. Here, Ihe barrier lay- 
er 106 Is formed to n thickness of 300 - 700A, using 
UN or a matortA I containing TIN. Subsequently, Pt fe do- 
poeilod on ihc barrior layor 106 h a usual mannor such 
as apuUenhg or chemical vapor deposition (CVD), lo 
form the Pi layer 108. In an embodiment erf the present 
frTverttton, the Pi layer 108, behg a conductive layer 
used as a storage node of a capacitor In a eemleonduc- 
tor memory device, w formed lo a thickness o! 2000A ± 
600A. 

Referring to Figure 2, an achesrve layer for enhanc- 
ing acrtesion of a mask layer to the R layer 10B Is 
formed on the resultant structure where the Pt layer 108 
b formed, ushp TL The adhesive layor h Iho prcscnl 
embodiment is 400 - 800A thick Subsequently, Ihe 
mask layer of 6000A x 1 000A is farmed on the adhesive 
layer, ushg an oxtte layer. The mask layer Is coated 
wtth photoresist, and a usual phetotltrtographic process 
k performed to form a mask pattern 112. The mask lay- 
er, which is formed as one oxide layer in the ernbodi- 
ment, may be a composite layer containing the oxide 
layer- Then, the adhesive layer Is patterned using the 
mask pattern 11 2 as An etching mask, to form an adhe- 
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elve layer mask pattern 110 contacting the mask pattern 
11 2. At this tkne, the AdhasVa layer la patterned by dry 
oiehbg, for ovample, magnetically onhaneed RIE 
(MERIE). using MQ 2 ** etching gas. 

Referring lo Figure X Ihe resultant structure where 
tie mask pattern 112 and the aohesive layer mask pat- 
tern 110 arc formed Is heated to 120 - 300* C, wtth ui 
caching h p!ntm» of Iho MERIE equipment, Subse- 
quently. Iho Pi layer 1 06 is olehod until Iho barrior layer 
106 of a lower portion is exposed, ushg a mix lure eon- 
tain hg a> I.e., CUA^, K6r, Br 2 or Br as an etchhg gas, 
and the mask pattern 112 and the aches rve layer mask 
pollom 110 as an aching mask. At Ihis lime, it is pref- 
erable that Cfe of Ihe mixture ia ai least 50%. In the 
preeent embodiment, oxygen and chlorine are mixed at 
4:1. Accordingly. Ions and radicals of the gas are spe- 
cies for sputlerng the Pt layer. Also, the gas Increas- 
es an etching selection ratio of the Pt layer 108 wtth re- 
spect lo Ihe mask pattern 112 formed of an oxide layer, 
and changes the Ti layer of the achesrve layer mask pat- 
tern 110 hto Tlooc. TiOx acts as an additional etching 
mask pattern during etchhg the Pt layer. That Is, a por- 
tion of Cfe Ions and radicals panlalry arid 7 e the Tl layer 
Into the nor layer, to reduce erosion velocity of the 
mask. 

Figure 4A Is a sect (oral view ofaPt layer 108 A hav- 
ing an enhanced etching slope through overetching the 
Pt layer 108 under the same etching conditions as those 
of Figure a At this time, the mask pAHom 112 erodes 
away compJolory and thus is removed during Iho over- 
etching. At this time, It Is preferable that the overetching 
Is pertormed by extending the etching time by 0.5 - 
1 «5timos as much as the etching timc.roqulred to ex- 
pose the barrior layer 106, Lc^an ©thing end point as 
shown h Figure 0. When Iho oiching gas of CyCl^Ar 
is use©; the etching slope of Ihe Pt layer 108, having a 
psxh of O.SSum and a thickness of 2000A, Is 65* or less. 
This Is because the Pt does not react wtth oxygon and 
chlorine. However, when Iho Pi layor 108A is txchod us- 
ing an elching gas conlainhg much oxygen, Ti formhp 
the adhesive layer mask pattern 110 formed on the Pt 
layer Is converted to Ttax, to act as an addiionaJ mask 
partem together wtth an oxldo layer mask pattern being 
tho mask pallcm 112. At this limo, Iho adhosivo layor 
maskpailem UOofTioxis eroded at a high temperature 
of 120~ 300*C by a degree equivalent to that at a room 
temperature. Accorolngry, hlr/i temperature hastens ox- 
idation of U, and thu6 erosion by oxygen tons or sput- 
lor tig of a radical is relatively roducod, so Ihal tho mask 
patten is not damaged at a high temperature. The ad- 
hesive layer mask pattern havhg little erosion acts as a 
factor for Improving the etching sbpe of the Pt layer 
10BA That Is, when overetching Is performed at below 
12CC, the Adhesive layer mask pattern 11 OA contain- 
ing Ti begins to be rapidry eroded from an edge by sput- 
tering. However, when the overetchhg Is performed al 
a temperature of 1KTC or more, the aohesive layer 
mask pattern 11 OA Is not eroded, even after the mask 
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pattern 112 rtmovtd, and thut the etching, slope of 
the sldewall of the Pi layer 10SA is close to vertical. Ai 
this timo, 71 of iho adhosivo toyor pattern 110 A h con- 
verted Iq Ttox moro rapn% htm thai of the aohoervo lay- 
er pallern etched al betow 120*C. Whan Iho lempem- * 
ture of the MERIE chamber it set ai 160*C and the sur- 
face tomporatur of the scrTueenduetor subsume It con 
at 140*0, Iho etching stop© 01 of Iho Pi fcycr 108A a 
improved to do approximator 80*. Tho tomporaluro of 
120 ~ 000*0 ndcalw the temperature of a tomcorv IP 
doctor substrata eurface. According to arnbooVnanta of 
the preeerrt Invention, the over etchhg of the Pi layer 
108 A and Iho control od etching icmpomLurc may im- 
prove the etehhg elope of the Pi layer. 

Figure 4B is a sectional view of a semiconductor '* 
eubstrate after etchhg at 120*C or leu to compare to 
the result of Figure 4A. At this time, the mart pattern 
112 fc eroded and removed, and then the edge* of the 
adhesive layer mash pattern 11 OB are also eroded, 
which causae the e (derail slope thereof to be appro**- 2° 
matery 45". Accordingly, when the Pt layer Is etched 
through sputtering, tie adhesive layer mask pattern 
110B cannot Improve the etching slope. For example, 
when tho over etching Is performed undor tho condfi ions 
where the chamber h at 1 30*C, and the semiconductor & 
eubstrate surtace Is at 120*C. the etching slope 82 of 
the Pt layer 10BB Is 72* or less. 

Figure 5 Is a sect tonal view of a sernicordjctor sub- 
strate etior the maskpanem Is ovcrotcnod, and then me 
adhesive Itiycr mask pal lorn 11 OA » removed from Ihc & 
Pt layer 108 A, and further a barrier layer 106 mder the 
Ft hryer 10BA b patterned. At thb bme. Ar/Cfe Is used 
as the etching gas tor removing tho achesh/c layor mask 
pattern 110A and pallcmhg the barrior layer 106A. 
Thorcforc, Ihc clching of Ihc Pi leyor 1 06A hduding Iho os 
barrier layer 106A on a porysilicon plug 104 is complel- 
ed. 

Exymplo; rcldlionship bclwccn Iho otchino Ipmpomluro 
and Ihe elchhe sboe of m Pi fever - 40 

Pt layers were ove retched a! etching chamber tem- 
perature* of 100*. 10CTC and 160*C. respectively, and 
then olching abpc of Ihc eidowail of oach Pt feyor was 
measured. Al this ume, Ihe Pi layer was 2000A thick, 45 
the acheerve layer on the Pi layer was 600A thick, and 
the mask pattern formed of an oxide layer was 5000A 
thick. As a resut, when the temperature of the etching 
chamber was 100*C, 100'C and 160*C. *c olching 
slope of Ihe aidewaJI of the Pi layer was 71\ 72* and *> 
80, respectively. In the cases that the temperature of the 
etching chamber was 10XTC and 130*C, respectively, 
the etching slope was not much enhanced However, h 
the case thai the temperature of the etching chamber 
was 160*C, it was remarkably enhanced. 66 

This was because when the over etchhg was per- 
formed at an etching chamber temperature of 100*C. 
the maskpattem formed of an cockle layer Is eroded and 



removed, and then the edges of the adhesive layer con- 
vened to 71 or TlQx under the mask partem are contin- 
uously eroded, so that the aohostve layer was shown 
800A thick ai Iho con lor, which caueod the olching slope 
of Ihe eidewall of the adhesive layer to be 45V Also, 
whan the over etchhg was performed at an eWflrig' 
chamber tempo enure of 13CTC, tho thickness of tno ad- 
heave fever on Iho Pi layer was BOCA al tho con I or , how- 
over, SOOAal tho odpoe. Accordirtp^^o adhosivo laypr 
was eroded too much to enhance the etching afope. 

However, when the etching chamber is sat at 160*0 
and the surtace of the semiconductor/subetrate is at 
140*C, even Ihoutfi Ihc uppormosl "mask pal lorn ts 
eroded. Ihe adhesive layer thereunder is .^oj^pjided 
That is, the adhesive layers are ecXJAJth^k el^r^^e 
edge and the canter, and have sidewalls close to vertr; 
cat. Accordingly, It may be possfcle.to prevent the re- 
duction of the etching stops of the>t fteyer due to Pt. 
atoms through apuUerhg while Ihe PU«yer is arttsolrop- 
icaJfy etched ^ 

MeanwhBe, when the etching was performed under 
the above^scrtbed conditions, the respective etch 
rates at 10TC, 130-Cand 160*C we^s 3BSkhri^^hJ 
mln and 371 Afrmh. When a now volatile oornojOind Is 
formed on the eldewal of the Pt layer to improve *he 
etching slope, the etch rate also increases accord hp> to, 
the temperature. However. In the ease the resultant vaK 
uas were similar at all tempeaiures. Accorolngty. the 
etch rate of tho Pt layer sldewall wn&not Improved by 
Iho chomiottl reaction gonoralod frorrrthc Pi feyor.- 

Acoorcf ng to embodfrnents of thepresent Invention, 
the etching elope of the Pt layer used as piste and stor- 
age nodes of tho capacitor may bo knprovod, using too 
facl that the erosion degree of tho adhesive fey or used 
as an addilioneJ olchrrp mask during the Pi layer chang*. 
as according to Ihe temperature. *yx. 

It should be understood that the invention is not lim- 
t od to the Illustrated embodiment end that many chanp- •. 
os and modifications can bo made wlfiti trrtfeeopo of 
Ihe invanlion by a parson skilled in Insert; »v- 

The reader's attention is directed b^tl^t^rs^ted 
documents which are Iliad concurrently wttrtfoTprevbus 
td this speemeatlon tn eonnootlon wtth thU applcatibn 
and which are open to public inspection with this spec- 
.ffcalc-n, and the conlenis of all eucfi papers and docu- 
ments are incorporated herein by reference. 

AO of the features disclosed m this speemeatlon (In- 
ducing any aoeompanyhg claims, abstract and draw- 
ings), onevbr all of Iho stops of any method or process 
so disclosed, may be combined in any combinalion, ex- - 
eept combhations where at least some of such features 
anoVor steps are mutually exclusive. M-xxp 
Each feature disclosed hthlsepecmcatlon (hciuo^ 
Ing any aoeompanylng claims, abstract and drawings), 
may be replaced by alternative featJrss serving the 
same, equivalent a similar purpose, Griless expressly 
stated otherwise. Thus, unless expressly stated other- 
wise, each feature dscfosed Is one example only of a 
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gen eric series of equhraient or similar features. the semiconductor substrate 1$ heated white no 

The Invention is not restricted to the derails of the plasma is etc ted. 
foreodng ombodimont(a). The hvontlon extends to any 

novel one* or any novel combination, ol tho features ds- & The mothod of anv of Iho procodinQ claims, whoroh 

closed in this specifiwlbn^ * Ihe semiconductor substrate as hauled to be withh 

dams, abstract and oVswtigs), or to any nova! one, or 120~ 300°C. 
»ny novo! oombtation, of tho stops of an/ mothod or 

process so tfs doaod . fi. Tho mothod of Mny of tho procodng cbiims. whoron 

tho Pi layer is otchod by tsn otching pas eontaning 

jo 

Claims 

1 0. The method of claim 9, wherein the etching gas con- 

1. A method for otching a Pi layer of a semiconductor taining Cfe re O^CI,. 
oevice. comprising slaps ol: 

& 11. The method of daim 10, wherein the etching gas of 

forming the Pt layer (1 08) on the semiconductor 0^/Cl 2 contains at toast 50% oxygen, 
substrate where a bottom layer (100-106) is 

formed; 12. The methodot claim 9, wherein the etehlng gas con- 
taining Cfe is one selected from the group consisting 

formhg an acbesrve layer (110) on the Pt layer so of HBr, Br2 and Br. 
(10B); 

13. The method of claim 12, whereto the etching gas of 

lom^0amaslclayer(112)ontheflohesrvetefy- cyBf contains at leas: 50% oxygen, 
or (110); 

» 14. The methodofany of the preceding claims, whereh 

patterning the mask layer (112) to form a mask the mask pattern Is removed by overetchtng past 

patter the end of etching the Pt layer (1 08).* 

patterning the adhosh/c layer (110) using the 1S. The method of da Im whorolnthe ovorotehlnfi Is 
mask pallcrn; oo pcrforrnod by oxlondhp the oichng trno by 0.5 ~ 

1.5% times as much as the etching time required to 
heating the semiconductor substrate In a ptas- etch up to etching end point of Pt layer (1 08). 

ma otching apparatus; 

1$. Tho mothod of daim 2 or any of claims 3 lo 15 as 
olehing the Pi layer (108) using tho mask pal- os depend onl thoroon* whoron the barrior layer (106) 
lem and the patterned HChesrve layer (n 0); Is pallemed after nsmoving the mask pattern, 

and 

17. Tho mothod of daim 16. whoroin tho bfcrrter layer 
removing the mask paltom. (106) » pcuomod by dry olehing using Ar/Ofe as tho 

*o etching gas. 

2. The method of claim 1 » wheren a barrier layer (1 06) 
Is formed on the bottom layer before the step of 
forming tho Pt layer (108). 

3. The method of daim 2. wherein the barrier layer 45 
(106) is formed using TiN or a materiaJ centering 
TIN. 

4. Tho mothod of darn 1, 2 or 3, whoroin thoadhosivo 
layer (110) is formed using Ti. SO 

6. The method of claim 1, 2, 3 or 4, wherein the mask 
layer consists of one or more layers. 

£. The method of claim 6, whereh the one or more 6$ 
layers comprise one or more oxide layers. 

7. The method of any ol the p reoeclng dalms, wherein 



6 



4. 



EP 0 858 103 A2 



FIG. 1 



102-— 









s f s / s f s s s > 


1 ■ 



104 



104 



106 

102 



FIG. 2 



102 



H 




m 









-112 
-110 




FIG. 3 



102-—- 




EP 0858 103 A2 



FIG. 4A 



11 OA— 



mm 



" 6A -L \ / \ 

(ZZZZZZzZZZZZ" ' 



—-11 OA 
— 108A 



102 



104 




104 



. — 100 



FIG. 4B 



1 1 0B- 



102- 



77/////////////// 






104 


104 _j 



-106 
-102 

•100 



FIG. 5 



10BA 

106A — 



1 08A 

^-106A 



102 — - 




